pinal axis infections are increasing in prevalence secondary to increasing numbers of spinal surgeries around the world. 2, 24, 41 Spinal infections are a serious health care dilemma occurring in patients with immunodeficiencies, ongoing known infections, and intravenous drug abuse. 23, 24 Epidural abscesses are especially highrisk infections because neurological deterioration can occur rapidly. Nearly 30% of spinal epidural abscesses do not have a specific source; however, studies estimate that nearly half are from hematogenous seeding, whereas 10%-20% originate from osteomyelitis, hematoma, or soft-tissue infection, and 20% are iatrogenic. 25, 27, 37, 38, 45, 55 Modern aggressive antibiotic therapy and supportive care have improved outcomes in certain patient populations who have an epidural spinal infection. 2, 27, 37, 40 Holospinal epidural abscesses (HEAs) are exceedingly rare, with very few documented cases in the literature. 30, 47 Neurological decline is an absolute indication for surgery, 13 and many authors advocate aggressive surgical intervention above the conus even in the face of normal findings on neurological examination. Surgical options for spinal epidural abscesses traditionally include decompression and evacuation of the abscess, additional debridement of osteomyelitic bone and involved disc, and careful laminar reconstruction. 31 However, very few studies have elucidated a standard surgical management strategy for HEAs. In this institutional case series we attempt to highlight the clinical presentation of HEA, the options available for identifying the infective etiology, and strategies for abscess evacuation and stabilization of the spine. Despite the increasing prevalence of spinal infections, the subcategory of holospinal epidural abscesses (HEAs) is extremely infrequent and requires unique management. Panspinal imaging (preferably MRI), modern aggressive antibiotic therapy, and prompt surgical intervention remain the standard of care for all spinal axis infections including HEAs; however, the surgical decision making on timing and extent of the procedure still remain ill defined for HEAs. Decompression including skip laminectomies or laminoplasties is described, with varied clinical outcomes. In this review the authors present the illustrative cases of 2 patients with HEAs who were treated using skip laminectomies and epidural catheter irrigation techniques. The discussion highlights different management strategies including the role of conservative (nonsurgical) management in these lesions, especially with an already identified pathogen and the absence of mass effect on MRI or significant neurological defects.
Holospinal epidural abscesses (HEAs) are exceedingly rare, with very few documented cases in the literature. 30, 47 Neurological decline is an absolute indication for surgery, 13 and many authors advocate aggressive surgical intervention above the conus even in the face of normal findings on neurological examination. Surgical options for spinal epidural abscesses traditionally include decompression and evacuation of the abscess, additional debridement of osteomyelitic bone and involved disc, and careful laminar reconstruction. 31 However, very few studies have elucidated a standard surgical management strategy for HEAs. In this institutional case series we attempt to highlight the clinical presentation of HEA, the options available for identifying the infective etiology, and strategies for abscess evacuation and stabilization of the spine.
Illustrative Cases

Case 1
History and Examination. A 5-year-old boy with no known medical history presented with a single day of progressively worsening abdominal, hip, and leg pain. His parents noted progressive weakness of his legs with ascending sensory loss. On arrival in the emergency room, Holospinal epidural abscess of the spinal axis: two illustrative cases with review of treatment strategies and surgical techniques his neurological examination was notable for 0/5 strength, decreased sensation and hyporeflexia in bilateral lower extremities, 4/5 strength in bilateral upper extremities, sensory level at T-2, and loss of rectal tone. Temperature was 39.2°C, and he had a profound leukocytosis of 47.9 × 10 3 /µl with 93% bands. His C-reactive protein level was 22.1 (normal < 1.0 mg/dl). An MRI study of the spine revealed an abnormal 5-mm-thick epidural fluid collection posterolaterally from C-1 to the bottom of the sacral canal that was highly suggestive of HEA with cord compression (Fig. 1 ).
Operation and Postoperative Course. Given these findings and his acute paraplegia, the patient was taken to the operating room and underwent emergency laminectomies at C6-7, T7-8, and L-1 through 3 separate incisions. An epidural catheter was used to irrigate any liquefied pus above and below each laminectomy site. Drains were placed both in the epidural space and above the fascia, and the incisions were closed in a typical fashion. Postoperatively he was placed on broad-spectrum antibiotics. His cultures grew methicillin-resistant Staphylococcus aureus (MRSA), his antibiotics were then narrowed to linezolid, and he completed a 12-week course of treatment. Additional workup revealed endocarditis, hip effusions, and subperiosteal tibial abscesses. He was discharged 3.5 weeks postoperatively to a rehabilitation facility, where he was noted to have improved sphincter and bladder function. His neurological examination performed at the time showed unchanged motor strength but improved tone present in his ankle and hips, with a sensory level at T-3. The 1-and 3-month follow-up MRI studies showed complete resolution of the epidural abscess; however, his examination results had not improved with rehabilitation.
Case 2
History and Examination. A 51-year-old man with no known medical history presented with several days of worsening back pain, but no lower-extremity weakness. On presentation to the emergency department he was afebrile at 36.1°C, with a white blood cell count of 24 × 10 3 / µl, and a C-reactive protein level of 42.3 mg/dl (normal < 1.0). Neurological examination results were notable for profound diaphoresis and diffuse tenderness to palpation over his back, but he had full strength. An MRI study revealed extensive epidural abscess circumferentially throughout the entire spinal canal, but it was worst at the thoracolumbar junction (Fig. 2) .
Operation and Postoperative Course. The patient was taken to the operating room for an emergency evacuation. Laminectomy of L-3 was done, and ample white purulent material was encountered. Samples were obtained and sent for Gram stain and culture, and a catheter was used to wash out the epidural space rostral and caudal to the laminectomy. Six days later, his neurological examination deteriorated and he was quadriparetic. Emergency MRI studies showed interval increased size of a ventral collection at the craniovertebral junction posterior to the clivus, with cord compression. The patient was taken to the operating room for an emergency C1-2 laminectomy. No epidural catheters were used in this approach. He was discharged to rehabilitation 3 weeks after admission with greatly improved upper-extremity strength (5/5) bilaterally, but no change in the results of his lower-extremity examination, which remained 1/5 bilaterally. His cultures were positive for MRSA, and he completed a 3-month course of linezolid and rifampin. Fourteen weeks postoperatively, he gained some strength in dorsiflexion and plantar flexion of the left foot, with Grade 3/5 and 4/5 strength, respectively. Initial 2-month postoperative MRI studies showed total resolution of the cervical epidural collection and decreased swelling of the cervical spine. By 11 months postoperatively, he was ambulating with assistance and with minimal residual weakness.
Discussion
As detailed by Chen et al., 13 spinal epidural abscesses were first reported by Morgagni in 1761 and represent 1 of 10,000 hospital admissions annually in the US. 6, 41 To our knowledge, fewer than 25 reported cases of HEA exist in the literature. 16, 21, 22, 30, [32] [33] [34] 36, [47] [48] [49] [50] [51] 53, 54 Known risk factors for HEA in adults include diabetes mellitus, intravenous drug abuse, immunosuppression (Crohn's disease, malignancy, steroid use, cirrhosis, and hepatitis), and pregnancy. 16, 21, 22, 30, [32] [33] [34] 36, [47] [48] [49] [50] [51] 53, 54 Holospinal epidural abscesses classically present with severe spinal pain, myelopathic or radicular deficits, profound leukocytosis, and elevations in inflammatory markers. 30, 48 Blood cultures are essential in early pathogen identification and are positive in up to 60% of cases. 38, 45 Extensive psoas abscesses and contiguous soft-tissue infections are also well described. 20, 47, 57 In most cases HEAs are associated with S. aureus infections, with no predisposition for age or an immunocompromised state. The natural history of spinal epidural abscesses suggests that they spread contiguously or hematogenously, and we hypothesize that HEAs develop no differently. 16, 21, 22, 30, [32] [33] [34] 36, [47] [48] [49] [50] [51] 53, 54 Diagnosis is typically made by MRI, and these cases highlight the critical role of imaging of the entire neural axis because paraspinal, psoas, and even adjacent abdominal infections can occur. 2, 17, 29, 39, 48 Risk factors for failure of medical therapy include deteriorating neurological examination, persistent bacteremia, age older than 65 years, and MRSA as the identified pathogen.
27,37 Use of MRI is essential for delineating phlegmon from liquid pus prior to determining a surgical approach. Homogeneous enhancement on T1-weighted sequences obtained with Gd, and hyperintensity throughout the lesion on T2-weighted sequences is more consistent with phlegmon, whereas bright rim enhancement with a hypointense core on T1-weighted images is suggestive of liquid pus. 2, 17, 29, 39, 48 Emergency surgical intervention is often required, especially in the neurologically deteriorating patient. Ongoing debate exists regarding the pathophysiological mechanisms of neurological deterioration in spinal epidural abscesses. Rabbit model studies with direct inoculation are suggestive of focal cord compression as a causative factor. 18, 19, 46 However, hematogenous spread is also a wellknown etiology. In these cases, arteritis, venous thrombosis, or septic thrombophlebitis leading to spinal cord infarction have been found postmortem, representing the most likely causative mechanism for neurological deterioration. 3, 5, 43 The pathophysiology of spinal cord injury in the setting of infection is an area of active research; however, a monkey model elucidated that high cervical cord compression from tumors leads to venous stasis and hypoxic changes in the spinal cord. 52 These data prove that arterial and venous compromise from both compression and direct thrombophlebitis contribute to spinal cord injury in the setting of epidural abscesses. Even in neurologically intact patients with abscess above the conus, serious acute to subacute complications can occur from direct compression or these vascular changes. 13, 25, 26 The mainstay of treatment for any neuraxis infection remains broad-spectrum antibiotics. In bacterial meningitis, the consequences of inflammation and arteritis can cause significant morbidity, including profound hearing loss. The literature does support using steroids to quell this inflammation and to prevent significant morbidity. 1, 12, 35 In the deteriorating patient with HEA, steroids remain controversial, and further research is necessary to elucidate their efficacy; however the authors believe that the potential benefit outweighs the risks in the acutely deteriorating patient. Blood pressure augmentation is also an area of debate, and has not been studied thoroughly in patients with spinal epidural abscess specifically. However, in neurologically deteriorating patients with trauma it is well known that hypotension is a significant predictor of morbidity and mortality. 7 We would argue that this literature can also be applied to the management of neurologically deteriorating patients with spinal axis infections, and recommend maintaining normotensive blood pressures to prevent cord ischemia.
The goals of surgery are always to decompress the neural elements, evacuate infection, identify the pathogen, and stabilize the spine (if needed) with minimal instrumentation. These goals can be met easily when treating focal epidural abscesses; however, when a large number of vertebral levels are involved, potential destabilization can result from the decompression. The surgical strategy in Case 1 was evacuation of as much liquid pus as possible through equidistant laminotomies and adjuvant catheter irrigation in the cervical, thoracic, and lumbar spine. In Case 2 a different strategy was implemented. Lower-extremity weakness was present and focal compression was seen at the level of the conus. Direct decompression with irrigation rostrally and caudally was performed at the thoracolumbar junction, but unfortunately neurological deterioration and repeat imaging revealed focal compression in the axial cervical spine that required decompression.
In a review of 19 HEA cases reported in the literature (Table 1) , the age at presentation is variable, ranging from infant to elderly patients. Neurological examination at the time of presentation is critical to the diagnosis and treatment strategies that prior authors have implemented. In total, 4 of the 19 cases were treated without surgical intervention and the patients made full recoveries. Nonsurgical therapy, especially above the conus, has been previously condemned by some authors, and yet these cases suggest a role for nonsurgical therapy alone. 15, 38 In the setting of HEA, nonsurgical therapy must be recommended with extreme caution because the majority of cases in the literature (15 of 19) presented with neurological deterioration. Unfortunately in 1 case, cardiopulmonary arrest occurred prior to surgical intervention, highlighting the inherent severity of HEAs. Soft-tissue infections including psoas or paraspinal abscesses were present in 7 of 19 cases, and were associated with anteriorly located components. Psoas abscesses were notably all associated with S. aureus if in conjunction with HEAs. 20 Endocarditis was documented in only one of the cases reported. Moreover, only 2 cases were associated with intravenous drug abuse. 56 Crohn's disease, uncontrolled diabetes mellitus, hepatitis, and rheumatoid arthritis were present in 7 of 19 cases.
The vast majority of cases were treated with laminotomies without instrumentation, and the use of epidural catheter irrigation was well described in 10 of 14 operative cases. Our theory is that indirect catheter irrigation diminished the burden of infection, prevented further inflammation to the epidural vasculature, and decompressed the thecal sac effectively in all cases documented. In all cases reviewed, surgeons were careful to avoid surgical decompression of the cervicothoracic, thoracolumbar, or lumbosacral junction to prevent destabilization.
2,10,14,27,37 Moreover, catheter irrigation and aspiration of a panspinal collection appears to be safe and allows surgeons to avoid these junctions to improve evacuation. The volume of pus necessary to consider catheter irrigation remains unclear, and further research is needed on this topic.
A laminectomy may be adequate for a ventral focus of liquid pus, but this will not adequately address a ventrally situated area of compression from phlegmon, debris, or a kyphotic deformity. In the cases reported in the literature, treatment was successful from a posterior approach in all except one, which required an aggressive transoral odontoidectomy for ventral spinal cord compression. 30 As seen in the aforementioned case reported by Lau et al., a large compressive ventral phlegmon component poses a much more difficult problem (see also Baaj et al. 4 ). Direct decompression in the subaxial cervical spine with discectomy(s) or a corpectomy(s) with evacuation of the ventral abscess under direct visualization should be considered, especially in the setting of focal vertebral osteomyelitis. The use of interbody arthrodesis and instrumentation is effective and safe even in the face of active infection, and should be used for stabilization; however, this is rarely needed in HEA evacuations. 2, 11, 28, 44 Above the foramen magnum, infection was only present in ventral collections because dural leaflets are known to prevent intracranial spread. 42 Below the cervical spine, extended approaches such as a costotransversectomy with a transpedicular approach can be used to achieve ventral access in the thoracic spine if inherent spinal destabilization is also present. The surgeon can also consider using a lateral extracavitary or thoracotomy in these instances for decompression when anterior stabilization is required. However, we believe that these approaches are not necessary in the setting of HEA unless a focal ventral compressive lesion is present with no identified pathogen. In all of the reviewed cases, a posterior approach was sufficient for HEA evacuation with an epidural catheter irrigation technique, because HEAs are predominantly liquid pus.
Khanna et al. reported 3 factors that are independently associated with poor outcome in spinal epidural abscesses; patient age, degree of thecal sac compression, and duration of symptoms. 26 Moreover, a declining examination in the absence of paralysis for less than 36 hours has been associated with better survival and return of function. 29, 33 In the high-risk surgical patient or in one with irreversible fixed paralysis, surgical decision making remains even more controversial. A CT-directed needle aspiration for pathogen diagnosis and medical therapy has been traditionally used in this patient population; however, this treatment strategy has not been proven or used for HEA cases.
2,9,14 Recovery appears variable specifically in the setting of HEA; however, neurological improvement is documented up to 13 months after presentation in some cases in the literature.
Conclusions
Patients suspected of having a spinal epidural abscess or HEA require emergency evaluation. Most patients present with neck or back pain, myelopathy, or profound neurological deficits in the setting of systemic signs of infection. Emergency MRI studies of the spinal axis, blood cultures, and a surgical evaluation should be performed. If an HEA is found on imaging, surgical approaches must be considered based on neurological examination results and risk factors for failure of medical therapy. 27, 37 In the setting of a neurologically intact patient or one improving on broad-spectrum antibiotics with a known pathogen, surgical intervention may not be required (as seen in 4 of 19 cases presented); however, this treatment strategy must be followed with caution because neurological deterioration can be life-threatening in the setting of HEA. We must caution that radiographic signs of a compressive lesion or signs of inflammation such as spinal cord signal changes or edema on MRI studies are red flags, and early surgical evacuation should be considered regardless of neurological status. A surgical approach with posterior laminectomies and catheter irrigation of the epidural space is efficacious and safe in the treatment of liquid pus, which predominates in HEAs, but this approach may not be sufficient if a large ventral component is found above the conus or if phlegmon is present on imaging. We must emphasize that the most important aspect of treatment of HEA remains immediate initiation of broad-spectrum intravenous antibiotics and aggressive medical care. Early surgical intervention for HEA should be an adjuvant treatment strategy for all acutely deteriorating patients.
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